Proteasome inhibition induces both antioxidant and hb f responses in sickle cell disease via the nrf2 pathway.
Oxidant stress is implicated in the manifestations of sickle cell disease including hemolysis and vascular occlusion. Strategies to induce antioxidant response as well as Hb F (α2γ2) have the potential to ameliorate the severity of sickle cell disease. Nuclear factor (erythroid-derived 2)-like 2 (NFE2L2 or Nrf2) is a transcription factor that regulates antioxidant enzymes as well as γ-globin transcription. The Nrf2 in the cytoplasm is bound to its adapter protein Keap-1 that targets Nrf2 for proteasomal degradation, thereby preventing its nuclear translocation. We examined whether inhibiting the 26S proteasome using the clinically applicable proteasome inhibitors bortezomib and MLN 9708 would promote nuclear translocation of Nrf2, and thereby induce an antioxidant response and as well as Hb F in sickle cell disease. Proteasome inhibitors induced reactive oxygen species (ROS) and thereby increased Nrf2-dependent antioxidant enzyme transcripts, elevated cellular glutathione (GSH) levels and γ-globin transcripts as well as Hb F levels in the K562 cell line and also in erythroid burst forming units (BFU-E) generated from peripheral blood mononuclear cells of sickle cell disease patients. These responses were abolished by siRNA-mediated knockdown of Nrf2. Proteasome inhibitors, especially newer oral agents such as MLN9708 have the potential to be readily translated to clinical trials in sickle cell disease with the dual end points of antioxidant response and Hb F induction.